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Tri-Met System | nformation

e 105BusLines e 9,000 Bus Stops
e 2LightRail Lines e 50 Light Rail Stops
o 825 Vehicles » 270,000 Weekday Boardings



Tri-Met Bus Dispatch System (BDS)

« Activated October, 1996
e Smart "Magic" Buses
— Automatic Vehicle Location (AVL)
» GPS-based locational referencing system
* Fleet 100% AVL equipped
— Automatic Passenger Counter (APC)
* Fleet 50% APC equipped
— On-Board Interface Unit (OBIU)
» Schedule deviation
» Pre-coded messages to dispatch
— 2 Way Radio Communication
o Computer Aided Dispatch (CAD)
— Digpatch consoles



Stop Records

Route e Ons (Boardings)
Di_recti on « Offs(Alightings)
Trp * Passenger Load
Date

e Door Opening

\(ggzlrgtzrl IIDD o Lift Operation
Stop L ocation * DW?” Time
Actual Arrive Time * M a?<| mum Speed
Actua Leave Time . Latltgde
Scheduled Leave Time  Longitude

Recorded at every bus stop or door opening (automatic collection)
500,000 daily stop records generated



Event Records

Pass Up / Overload « FareEvason

Traffic Delay » Securement Refused

Bridge/ Train Delay e Bill/Coin Jam

Deadhead Delay  Mechanical: Blocking/Danger
Route Blocked  Mechanical: Lift Problem
Silent Alarm e Restroom break

Accident e Operator Il

Medical Emergency « Etc.

Recorded at various locations (operator-initiated collection)
25,000 daily event records generated
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STOP ID STOP HAHME

0382

a
0222
0383
631

F635
7585
F645
F633

3639

3635
2641

a
2504
2507
2599

2595
2683
2506
2687
2608
2612
2614
2615
2617
2620
2623
2625

CTH & HOYT
unscheduled stop
CTH & EUERETT
ZTH & COUCH

LTH & PIHE
Scheduled times
LTH & STARK

CTH & ALDER

CTH & YAWMHILL
CTH & SALMOH
Scheduled times
HADISOH & A4TH

DATE=20000313

ARRIVE

(OF) 16:25:82

16:25:86
(H5) 16:25:88
(H5) 16:26:84
(OP) 16:27:14

16:28:48
(F5) 16:28:38
(F5) 16:29:58
(F5) 16:31:28
(F5) 16:31:58

16:33:88
(F5) 16:33:46

time=16:36:82; Fare Evasion.

MADISON & 15T
HAWTHORHNE BRIDGE & EAST
unscheduled stop
HAWTHORHE & 6TH
HAWTHORHE & 9TH
HAWTHORHE & 12TH
Scheduled times
HAWTHORHE MAPLE
HAWTHORHE 16TH
HAWTHORHNE POPLAR
HAWTHORHE 28TH
HAWTHORHNE 23RD
HAWTHORHE 25TH
HAWTHORHE 28TH
HAWTHORHNE 38TH
HAWTHORHE 32HD
HAWTHORHNE 34TH
HAWTHORHNE 37TH
HAWTHORHE 39TH

E9 O A9 Q0 A0 Q0 QO 99 Q9 B9 Qe ae

(MS) 16:36:18
(AT) 16:37:16

16:38:50
(NS) 16:39:02
(NS) 16:40:04
(MS) 16:41:28

16:39:00
(FS) 16:42:18
(F§) 16:42:22
(NS) 16:42:58
(FS) 16:43:58
(NS) 16:44:20
(FS) 16:4%4:30
(OP) 16:45:12
(NS) 16:45:54
(F§) 16:46:16
(F§) 16:46:50
(FS) 16:48:00
(MS) 16:49:16

LEAUE OH OFF MI FT H

16:25-84
16:25:088
16:25:52
16:26:40
16:28:28
16:28:-848
16:29:52
16:31:26
16:31:-46

16:33:24 1

16:332:-848
16:35:24

16:36:16
16:37:38
16:39:-82
16:39:088
16:408:28
16:42 -84
16:39:480
16:42:216
16:42:56
1643224
16:44:218
16244226
16:44:256
16:45h4y
16:46:080
1646244
16:47 228
1648224
16:58:38
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Data Collection and Archiving Process

Data . On-Board . Data
Card Computer Collection
Uploaded . Schedule , Relational
to Network Matched Database
Anaysis/

Reports



e Red-Time Data

— Operations
— Digpatch
— Security

Agency Uses of BDS Data

 Archived Data

Performance Monitoring
Scheduling

Service Planning

Field Supervision
Project Development
Maintenance

Customer Service

Legd

Training



Scheduling

Concerned with implementing the service design- assignment of
revenue vehicles and development of individual work schedules (runs)

Key inputs related to run times and passenger loads

Schedule efficiency down approx. 3% since 1982 due to more variable
operating conditions



Definitions

Run time- amount of time taken for a bus to traverse between 2 points
Headway- relative spacing between buses passing a single point
On-time- bus departure between 1 minute early and 5 minutes late
(discreet)

Departure delay- actual departure time minus scheduled departure time
(continuous)

Trip- single bus run from route origin to route destination
Tripper- bus brought on line during peak periods to complete 1 trip



APRIL 2000 SIGNUP - Run Time Data

Includes Analysis of Locations Where Operators are Killing Time

Current Scheduled
Run Times

8

Median vs. Sched.
Run Times

Average Trip Level
Run Times (mm:ss)

March 6. 2000 to April 12, 2000

Median Trip Level Actual Run Time
Run Times (mm:ss) By Date

&5 &

Difference Between
Killing Time and
Non Killing Time

Average Run Time -
Median Run Time

=
&59)

Average vs. Sched. View Run Time
Run Times Graph




Running Time Analysis Report
[Example Trip]

Seg.1  Seg.2  Seg.3 Seg. 4 Seg.5 Total

Sched. 10:00 12:00 5:00 9:00 6:00 42:00
Mean RT 13:05 9:38 5:39 8:12 7:18 42:52
Median RT 12:44 9:20 5:34 7:41 6:49 42:18
Std Dev. 2:38 1:38 0:48 2:58 2:09 5:12
Avg. Mph 28 49 37 52 33 52

Max. L oad 43 45 31 15 18 43



Frequency of Trips

Run Time Distribution: PM Peak
[72] Killingsworth - 82nd Ave: East/South
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Operators Leaving the End of the Line Late by More than 3
Minutes gfter an Adeguate Layover
(Sorted by Operator and District)

May 15, 2000 - May 26, 2000
supervisor District: 6 PM Shift

% aof fime
Bedoe cavd Opercdor Line/Truin  Beginning of Line Location  Direcion Sched Time Late  Min, Lege®
128 Operator Name 207 MORTHTERMIMNALFMNOT A STOP ot 709 P 23% 04:29
162 5411 MNORTH TERMIMAL S MOTA STOP ot T35 PM 28% 0337
162 5411 MORTH TERMIMNAL G MNOTA STOP ot Y35 P A0% 0348
162 5411 MORTH TERMIMNAL G MNOTA STOP ot 12:35 AM 28% 04:09
233 5412 MORTH TERMIMNAL G MNOT A STOP ot 1135 PM 29% 04:19
203 3205 MORTHTERMIMNAL P MNOTA STOP ot 5:28 F'M A0% 05 23
453 1409  MNORTH TEREMIMAL S MOT A STOP ot B:43 P B0% 04:27
483 1409  MNORTH TERMIMNAL P NOT A STOP ot 229 P 40% 0700
483 1409  MNORTH TERMIMNAL P NOT A STOP ot 1016 PM B0% O 27
£33, 1414  MNORTH TERMIMNAL P NOT A STOP ot B:20 Fh 23% 0y:29
£33, 1414  MNORTH TERMIMNAL P NOT A STOP ot 214 P 100% 0&:11
£33, 1414  MNORTH TEREMIMAL S MOT A STOP ot 10:01 P 100% 0925
£33, 1414  MNORTH TERMIMNAL P NOT A STOP ot 11:46 PM 23% oy 22
B35 1407 MORTH TERMIMNAL P MNOT A STOP ot 5:02 F'h B 7% 04:16
B35 1407 MORTH TERMIMNAL P NOT A STOP ot B:58 Fh 23% 04 56
B35 1407 MORTH TERMIMNAL P MNOT A STOP ot a:d44 Fh B 7% 04 358
EQE 1407 MORTH TERMIMAL S MOT A STOP ot 10:31 P 23% 0 00
637 1404  MNORTH TERMIMNAL P MNOT A STOP ot H:00 Fh 40% 04 44
il 5402 MORTHTERMIMNAL G MNOTA STOP ot a:05 Fh 28% 0 03
a0 5406  MNORTH TERMIMALS MNOTA STOF it 3049 P 40% 0352
168" 06 MORTHTERMIMNAL P MNOTA STOP ot 209 P 100% 03 54
1693, 2501 MORTH TERMIMNAL P MNOTA STOP ot a54 P A0% 0334

1726 1401  MNORTH TERMIMNALSMOTA STOF ot 4:23 PM 33% 0338

el B o ey T o T o L "y = e i s Gl "



Current Research: Run Time

« Run TimeVariation Analysis (in process)
- Study focuses on determinants of run time variation
- Route-level analysis, variance generated over multiple trips

- Run time variation= f(sched. headway, route char., passenger
activity, delay events, route type, direction, time period

e Operator Behavior Study (in process)
— Want to determine whether operator behavior influences run times
— Fixed-effects model- dummy variable for each operator
— Trip-level analysis, min. 10 trips per operator

— Actua run time = f(sched. headway, route char., passenger activity,
operator char., delay events, route typology, direction, time period

» Operator char. = badge #, length of service, operator type,
depart |late from terminal



Operations Planning

Concerned with matching ridership to service levels subject to policy
and budget constraints

Key inputs related to passenger |oads, bus performance, bus
productivity

Route performance reports generated at route and trip-level on
quarterly basis

Passenger census generated at route, trip, and time point-level

— Passenger census used to be undertaken every 5 years measuring a
single trip, now conducted on quarterly basis using numerous trips



oute: (14 - Hawthorne Weekdays December 5, 1999 to March 4, 2000

wection:  Cuthound fo Foster & 94th

Max  Percent #of Sched.  Median  Run Rup
atart Boarding Max Load  Ower Fass APG | Run Run  Time Time Median GSched.  Medtan  On
Time  Train Sta Location Rides Load Factor Capacty Ups Obs | Time Time  Ratio GV Speed Recovery Recovery Time Eanly  late
R as RS gl i ss s

SA3FM 1404 MW Sth & Howt 47 36 89% 10% 1 B2 | 04300 04709 1M0%  10% 105 2500 19:34 | 5% 3% 42%
S19FM 1411 MW Sth & Hot 23 a 6% 1% 19 | 0:43:00 o422 M0% 8% 103 | B1% 2% 3T%
2Z2aFM 1406 MW Sth & How &7 46 108% 17% g B3 | 0:43.00 a0 123%  12% 94 | B1% 1% 8%
23PN 1405 MY Sth & Howt G4 43 114% 3% B G2 | 0:43:00 0-46:14  108%  10% 107 2200 16:56 | 0% 1% 4%
240FM 1402 MW Sth & Hot 72 a3 124% 26% 1 7 | 04300 4718 M0% 8% 103 28:00 2210 | B2% 0%  38%
SE0FM 142 MW Sth & Howt 70 45 104% 5% g 17 | 0:43:00 o407 M0% 10% 105 | B1% 2%  3T%
G:OOFM 1405 MW 3th & Howt &7 a2 120% 42% 1 &0 | 0-43:00 04226 108% 8% 104 2300 1812 | 0% 1% 29%
BAOPM 1410 MW Sth & Howt B1 a 25% 0% 1 14 | 04000 4224 106%  10% 17 | BS% 4% 3%
B20FM 1414 MW Sth & Howt B3 45 105% 2% 4 24 | 0:40:00 04448 112% 8% 13 21:00 14:56 | 4% 1% 45%
B:30FM 1415 MW Sth & Howt 45 3 1% 0% 17 | 0:33:00 4la0  107% 9% 122 | BA% 1% 35%
B:43FM 1409 MW Sth & Howt 29 43 29% 3% 29 | 03800 04128 109%  10% 120 15:00 0910 | B4% 1% 35%
B:SEPM 1407 MW Sth & Howt 28 4 96% 7% B0 | 0:33:00 0424 M2%  10% 16 15:00 o758 | 8% 1% 52%
TAGPM 1404 MW StH & Howt a0 36 83% 3% B2 | 0:33:00 03716 95%  13% 133 15:00 14:56 | SE% 5% 8%
T28PM 1405 MW Sth & Howt 44 4 78% 0% B1 | 0:33:00 041:02  108% g% 124 17:00 1224 | 8% 2% M%
TA44PM 1402 MW ShEHot 43 300 0% 0% 62 | m3s00  03m04  109%  10% 134 19:.00 1454 | A% 0% 25%
F59FM 1408 MW Sth & Howt 43 K 73% 0% &0 | 0:35:00 o330 Mo% M% o 128 19:00 1327 | 3% 0% 47%
BT4PM 1414 NW Sth& Hot 41 2B BE% 0% 53 | 03500 04013 ME% 1% 124 19:.00 1302 | 4% 0% 53%
B29PM 1409 MW Sh&Hot 32 M4 55% 0% 59 | 03500 0AT4d 108%  11% 13 19:00 14:58 | BI% 1% 31%
B:44PM 1407 MW AhAHot 3 25 5% 0% 58 | 03500 OAT2E A07% 2% 133 19:00 1320 | 49% 1% 50%
GO0PM 1404 MW Sth&Hot 4 7 OBA% 0% B2 | 03500 D328 104% 1% 136 18:00 1342 | 5% 3% 45%
916PM 1405 MW Sh&Hot 47 34 TE% 2% 52 | 03500 O3E00 108% 8% 13 17:00 1328 | BA% 0% 32%
23TFM 1402 MW Sth & How i 28 B4% 0% g2 | 0:33:00 0310 108% T 134 17:00 14:44 | 2% 0% 17%
SA6PM 1408 N Sth & Howt 42 a2 T3% 0% G0 | 0:35:00 03713 1068% % 134 17:00 1348 | % 0% 22%



Sorted by Total Excess Wait Time by Trip (Weighted by Boarding Rides)

Boarding Rides/ Mn Load % Over
Ttips Rides  Rev.fir Load Factor CapacRy Passups
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Actual Headway to Passenger Load Relationship

Line 14 Hawthorne {Outbound - PM Peak)
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Line 115 - NW 23rd Aveniie - Trip Level Passenger Censius (Fali 1999)

Direction: COuthound

Steerd Timme: 5:10 PM Fud Time: 5:20 PA
SCHED TIME LOoC ID BUSYTOP Ons QFFS
ST PR F1FM WIASHINGTOR £ 5TH 21 1 An
51111 P E157 WASHIMNGTON [ BR OADAY 21 0.3
5:11:56 Ph E169 WisSHIMNGTOR f9TH 21 06
517328 PM 9500 11TH [ ALDER 1S 06 17
51425 P 9555 MORRISOM £12TH 1S 25 07
51532 PM 9708 MORRISOM £ 14TH 15 02 0.4
51636 P 9613 MORRISOM f16TH 15 0.4 05
51727 PM 9599 MORRISOM £ 17TH 1S 24 04
51900 P 735 BURMSIDE § 19TH 03 1.2
51933 P 74 BURMSIDE { 20TH AEST) 05 14
51951 P 742 BURMSIDE f 20TH PL 13 30
520022 PM 747 BURMSIDE f 15T WEST 03 1.2
520057 P 720 BURMSIDE f ST CLAIR 0.1 20
52121 PM 755 BURMSIDE { 23RD 0 20
52211 PM 7157 23RD iFLANDE RS a1 23
52304 PM 7161 TIRD T IRWNG 02 35
5:24:00 P 7163 23RD FLOVEJOY 03 43
5:24:32 P Sa1 23RD T OVERTOM 0o 16
5:24:56 Ph a031 23RD FRALEIGH 00 15
5:25:53 PM B014 WVALIGHR £ 24TH 0.0 07
52613 P BOME WVALIGHR f 25TH 0.0 0s
52631 P 5414 VALIGHR f 26TH 0.0 07
526:51 P a2 WVALIGHM £ 27TH a1 18
52706 PM 5481 WAR DAY F MONTGOMER Y P K 0.0 03
52753 P S452 PMICOLAL AR DAY 0 05
52819 P 4105 MICOLAL f 27TH 01 01
52849 P B4E3 2FTH PILSON 12 0.4
5:29:00 P 54584 27TH 1 ALIGEHN 0.0 07

Trip Total: 36 36



Tri-Met Passenger Census - Fall 1999
Weekday All-Day Ons and Offs by Route and Stop

Route: 115- NW 23rd Avenue Cuthound to Montgomery Pk / 27th & Thur
Stap Location Location 1D s Offs Toted
WASHINGTOM f5TH G160 1,001 0 1,001
WASHIMNGT O f BRECOADWAY B137 114 1 185
WASHIMNGTOR f9TH G169 a7 108 205
T1TH f ALDER (=W QE00 a1 122 153
MORERISOMN F12TH (S0 9595 122 103 225
MORERISOR F14TH (500 9y 0s L b T4
MORERS0MN FETH (=W Q613 ab 45 102
MOERISON £ 17TH (S0 9599 172 45 217
BURMSIDE f19TH a5 42 fa 115
BURMSIDE f20TH (NE ST 741 29 104 133
BURMSIDE f20TH PL T ¥ B3 137 200
BURMSIDE f215T DWEST) a7 14 B9 aa
BURMNSIDE f5T CLAIR 720 21 114 135
BURMSIDE f23RD 125 14 a4 105
23RD FFLANDERS 157 i 112 127
23RD FIRYING 7161 12 165 177
238D FLONVEJOY 7163 19 267 286
23RD FONVERTON 3951 4 a1 a5
23RD fRALEIGH Q0351 2 a4 a5
THURMAR f23R0D PL taiatat! 1 44 45
THUREM &AM F 25TH et et 1 19 20



Time Point Segment Ridership Report - Weekday - Fall 1999

115 - NW 23rd Avenie

Outhound fa Mentgomery Pk /7 27th & Thurman

Hevenue Total”

Beginning Time Point Ending Timepomi Hours Trips us Offs  Toital Rev.Hr.
S Wiashinoton at Sth Burnside & 19%th 11:28 a5 1615 B19 2234 194 8
Burnzick & 19th 23rd & Lovejoy 22 a5 211 1,062 1,273 17248
23rd & Loveiow Thurman & 27th 229 42 16 X3 234 a5 2
23rd & Loveiow Montaomery P ak T SE [ X5 443 1122
Thurman & 27th izordon & Thurman 1:21 27 3 a7 a0 370
izordon & Thurmman Thurman & 27th 1:21 2 g 19 27 200

Totals 275G 93 1,931 2,333 4 266 152.5

Inbound to Portland
Hevenue Total’
Beginuing Time Point Ending Timepomni Hours Trips Ons Offf  Tolal Rev. Hr
Mortoomers Fark 2ard & Loveioy L 55 TR 12 347 qr7
Thunman & 27th izordon & Thurman 0:51 17 a0 4 a4 400
iZordon & Thurman Thurman & 27th 1:05 17 26 1] 26 229
Thurman & 27th 23rd & Loveiony 253 43 257 15 272 94 3
23rd & Loveiow Burnside & 19th 3:10 95 1,086 24 1.440 157 1
Burnsice & 19h S0 Salmon at Sth 11:29 a8 475 =2y 1466 1277
S Salmon at Sth =W Washington at Sth 0:36 q 3 7 10 16.7
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Service Reliability mprovements

System-L evel Improvements (since BDS implementation)
— Oveall OTP improved 69 to78%
— Percent early declined 15 to 5%

Line 15 Test Project (using BDS data to revise schedule)
— OTP improved 70 to 83%

— P.M. peak percent late declined 42 to 24%

Line 72 Evaluation (Fall 1998 vs. Fall 1999)
— OTP improved 62 to 77%
— Headway regularity improved 36%
— Overloaded tripsdeclined from 24 to %2
— Number of reported passups reduced 60%



Operations Planning Resear ch

 Pre-Post Analysisof Transit Service Reliability
— Study designed to assess impacts of BDS

— Pre-operational period- manual data collection (Nov. 1986)
— Post-operational period- automatic data collection (Mar. 1988)
— Matched trips approach, 8 study routes
— OTPimproved from 61-67%
o Largest improvement in % early departures
— Reduction in headway variability of 15%
— Average run time decreased by 1.45 minutes per trip

— Extrapolation of resultsto system-level
e $1.9 million annual savings in operating costs

« $3.5 million annual savings in passenger wait time and travel
time



Oper ations Planning Resear ch, Continued

 TimePoint-Level Analysis of Service Reliability (Aug., 2000)
— Study sought to explain departure delay variation or headway
delay variation depending upon time period
— Regression analysis, 7 study routes, 19 days of observations
— Separate models run according to route typology and time period

— Results- delay variability adversely affected by boardings, sched.
stops, delay variability at previous TP, lifts, nonrecurring events,
link speed.

» Parameter estimate for delay variability at previous TP approx.
1 minute (consistent across all models)



Oper ations Planning Resear ch, Continued

 Time Point-Level Analysisof Passenger Demand (Aug., 2000)

Study sought to explain mean passenger boardings

Same data as previous study aggregated over all days, linked with
additional datausing GIS

Comparison of automated vs. manual data collection techniques
* Previous research Abkowitz and Engelstein, 1983 and 1984
 LA-1day datacollection, 1 route, 49 TP observations
— Cincy- 1 day data collection, 2 routes, 56 TP observations
— Portland- 19 days data collection, 7 routes, 3000 TP observations

Results- mean boardingsin TP positively affected by population,
employment, transit center and negatively affected by income, sched.
headway, existing levels of unreliability (off-peak only)



Oper ations Control

» Concerned with maintaining service quality/minimizing the effects of
service disruptionsin real-time

* Q: How does archived BDS data help with real-time decision making?

o A: ldentification of problems, initial tweaking of plan, analysis of
results

Headway Control Study (Nov. 1999)

Operational issue (headway irregularity)- “trippers’ leaving
according to schedule, resulting in uneven passenger loads and
poor use of resources

Objective- hold candidate trippers until desirable spacing reached
Pre-post study design, 6 routes, 11 trippers, 3 weeks
Dedicated dispatcher and field supervisor

Results of study- headway variance declined 15.8% at control
point and 3.8% overall, leading to more balanced |oads



Operations Control, Continued

 Headway Management of BusLines (upcoming research)
— 6 month demonstration project
— Long range plan- several routes operating midday headways <= 10
min.
— 1-3routes, either P.M. peak or al day

— Shift from schedul e-based to headway-based performance
measures

— Possible technology enhancement- automated bus spacing
Information



Benefits of Archived BDS Data

Complete operational data for the system

All datais spatially referenced (GIS)

Increased accuracy (reduce/eliminate manual counts)
Multiple levels of data aggregation possible
|mproved statistical measures

|mproved interagency communication

More efficient use of agency resources

Better service to passengers



